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Abstract
Hadron collider signatures of new physics are investigated in which a primary res-
onance is produced that decays to a secondary resonance by emitting a W-boson, with
the secondary resonance decaying to two jets. This topology can arise in supersym-
metric theories with R-parity violation where the lightest supersymmetric particles
are either a pair of squarks, or a slepton - sneutrino pair. The resulting signal can
have a cross section consistent with the Wjj observation reported by the CDF collab-
oration, while remaining consistent with earlier constraints. Other observables that
can be used to confirm this scenario include a significant charge asymmetry in the
same channel at the LHC. With strongly interacting resonances such as squarks, pair
production topologies additionally give rise to 4 jet and W+W−+ 4 jet signatures,
each with two equal-mass dijet resonances within the 4 jets.
1 Introduction
In the overwhelming majority of the literature on supersymmetric extensions of the stan-
dard model, R-parity is imposed as an ad-hoc symmetry to avoid phenomena such as proton
decay which has been very strongly constrained by experiment. However, the proton can
remain exactly stable even in the presence of a restricted set of R-parity violating interac-
tions. In fact, one needs to break both baryon and lepton number for the proton to decay,
because the proton is the lightest fermion that carries zero lepton number but nonzero
baryon number. Various low energy constraints on R-parity violating couplings have been
studied in depth (see [1] and references therein), however certain aspects of collider phe-
nomenology in the presence of R-parity violating couplings have not received the same
amount of attention compared to the case of exact R-parity [2]. In particular, there are
two major differences between R-parity conserving and R-parity violating supersymmet-
ric models that we wish to focus on in this paper that relate to the signatures at hadron
colliders.
Firstly, R-parity violation affects production mechanisms by allowing for supersymmet-
ric partner particles to be resonantly produced [3, 4]. Secondly, the lightest supersymmetric
particle need no longer be stable, and can decay promptly. Since most experimental searches
for supersymmetry focus on the presence of missing transverse energy carried off by a neu-
tral lightest superpartner, this requires a major change in search strategies. Naturally, in
order to account for dark matter, a supersymmetric theory with R-parity violation would
need to have additional matter content with a symmetry that can stabilize the lightest
particle in the dark sector. Finally, the fact that the lightest supersymmetric particle is
no longer stable allows for spectra that are phenomenologically disfavored in models with
exact R-parity and a colored superpartner can be the lightest one in the spectrum[5]. In the
rest of this paper we wish to study some of the phenomenological consequences associated
with R-parity violation with relatively light scalar superpartners, such as the stop.
UV motivated models ofR-parity violation have been studied in the context of mSUGRA
and grand unified theories [6–17]. There also exist motivated models of new physics that
are qualitatively different than the MSSM, in which R-parity is violated. An example is
provided by the setup of ref. [18], where supersymmetry is broken at high energies but
reemerges as an accidental symmetry at low energies, and R-parity violation is unavoidable
[19].
Very recently, the CDF collaboration has announced an interesting observation of a
resonance in dijets produced in association with a W boson [20]. The significance of this
observation is 3.2σ using data with 4.3 fb−1 of integrated luminosity, and the mean value for
the resonant dijet mass distribution is around 145 GeV. In this paper we will investigate
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the possibility that the CDF observation arises from the production and decay of new
particles, and explore how this final state can arise in models of supersymmetry with
R-parity violation. The topology we consider is characterized by the production of a
primary resonance that undergoes a charged-current transition to a secondary resonance
by emitting a W-boson, with the secondary resonance subsequently decaying to two jets.
For a supersymmetric realization of this topology, we will concentrate on the possibility
of squarks or sleptons and sneutrino being the lightest (s)particles in the spectrum. We
give a representative model in which the primary resonance is a bottom squark (sbottom),
and the secondary resonance a top squark (stop), the production and decay of which occur
through R-parity violating interactions respectively. We will show that only one or two
couplings beyond the MSSM are needed for this topology to be consistent with the CDF
observation. We will also show that the required couplings can have large enough values
without causing conflict with any existing constraints, and we will furthermore argue that
the Wjj channel is in fact naturally the first place for the new physics to be observed in
this scenario.
In the next section we present our sbottom-stop model, estimate the size of the necessary
R-parity violating couplings and show that these are not in conflict with any existing
bounds. We will then go through various production and decay possibilities and argue
why the new physics would appear first in the Wjj channel, and evaluate the discovery
potential in other final states for the Tevatron as well as the LHC. In section 3 we give
an alternative setup with sleptons instead of squarks that can give rise to similar collider
signatures and highlight the differences in phenomenology compared to the stop-sbottom
model.
It should be emphasized that the most important aspect of the scenarios presented
here are the production and decay topologies. While the language of supersymmetry is
utilized throughout, the topologies and signatures may be more widely applicable to other
frameworks for the underlying physics, including ones with particles of different spin and
gauge quantum numbers.
2 Resonant Squark Production And Decay
The R-parity violating terms in the superpotential are typically parameterized as
WRPV = µiHuLi +
1
2
λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k +
1
2
λ
′′
ijkU
c
iD
c
jD
c
k (1)
where i, j, k are flavor indices. The first three types of terms violate lepton number while
the UDD type terms violate baryon number.
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Among the available R-parity violating couplings, UDD type terms are generically less
constrained than LQD or LLE terms, since searches for new physics involving leptons
typically have higher sensitivity. The main constraints on UDD type terms come from
neutron-antineutron oscillations and flavor violation in the quark sector[1]. These con-
straints can be avoided however, as we will outline below, and for certain choices of ijk,
λ
′′
ijk can be of order one. For resonant production we will need at least one coupling to be
reasonably large, and this coupling should preferably involve two light quarks in order to
give rise to interesting production cross sections.
Note that the UDD type terms are antisymmetric in the indices j and k. Therefore if
two of the indices are to be 1, the only choices are λ
′′
112 and λ
′′
113, both of which are severely
constrained from nuclear decays involving two neutrons[1]. The next best possibility for
resonant production is to make use of a strange quark PDF in the proton, and the there are
several couplings of this type that are essentially unconstrained. Note however that there
are many additional constraints on products of couplings and therefore the safest choice
is to turn on as few R-parity violating terms as possible. Below, we will outline a model
where the stop and sbottom are the main players for the phenomenology, and where only
λ
′′
123 ∼ O(0.1) and λ
′′
323 is nonzero (but need not be large). At the end of this section we
will point to an alternative choice with only λ
′′
212 turned on and argue that given a similar
spectrum, the collider signatures are very similar.
With λ
′′
123 turned on, sbottoms can be resonantly produced according to u+s→ b˜
∗
R. The
cross section for this process is plotted in figure 1 for a value of λ
′′
123 = 0.1. If the sbottom
happens to be the lightest state, then it will decay back through the R-parity violating
coupling to a pair of jets. Depending on the sbottom mass, this process is constrained by
dijet resonance searches from UA2 [21] (light sbottoms), at the Tevatron [22] (intermediate
mass sbottoms) and recent constraints from the LHC [23, 24] for heavy sbottoms. In figure
2 we use the cross section constraints to derive bounds on λ
′′
123, or equivalently on Γjj, the
partial width of the sbottom to u+s. The exact relation between Γjj and λ
′′
123 is given in
equation (2). In terms of λ
′′
123 we find that the constraint from resonant production never
goes below λ
′′
123 = 0.4.
The pair production of sbottoms through QCD has a threshold at twice the sbottom
mass, and therefore the cross section for this process is much lower than resonant pro-
duction. With no other supersymmetric particles lighter than the sbottom, this process
would manifest itself in a four jet final state, we will however introduce a different choice
of spectrum shortly. It is however interesting to think of the pair production of the lightest
colored supersymmetric particle, and we will come back to this point in the next chapter.
The collider prospects for this very minimal (s)particle content are bleak for a value of
3
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Figure 1: Resonant production cross section for sbottom with λ
′′
123 = 0.1 as a function of
the sbottom mass. For this plot, the mass eigenstate is taken to be pure b˜R.
λ
′′
123 below the bound. The presence of a neutralino below the mass of the sbottom does not
lead to much improvement. The sbottom would decay as b˜ → b + χ0, the neutralino then
decaying through an off-shell sbottom as χ0 → bjj, thus populating the bbjj final state,
which has a large background. If there are charginos significantly lighter than the sbottom,
this can lead to top quarks in the final state, which is potentially a more optimistic scenario,
however the large mass gap necessary for decaying to on-shell tops forces the sbottoms to
be heavier, reducing the cross section as a function of the lightest superpartner mass.
A possibility that is much more interesting collider-wise, and the one we wish to consider
in the rest of this section is the presence of a stop below the sbottom mass. In this case
the sbottom can decay as b˜→ t˜+W . This mass spectrum is favored by the RG evolution
of the squark masses, as the large Yukawa couplings tend to drive the stop mass lighter.
Note that since it is b˜R that is resonantly produced, for the W channel to dominate there
needs to be some mixing between b˜R and b˜L. As long as the left handed squarks are not
decoupled however, the W decay mode can be dominant. The partial widths of the sbottom
4
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Figure 2: The bound on Γjj from the dijet resonance searches at UA2 and CDF. The
numbers plotted here are conservative in the sense that we assume perfect acceptance and
no suppression from left-right sbottom mixing. In terms of λ
′′
123, the bound is always above
0.4.
into dijets and into t˜+W are given by
Γ(˜b1 → W
−t˜1) =
g2 cos θ2
t˜
cos θ2
b˜
m3
b˜1
32πm2W
f 3/2(1, m2
t˜1
/m2
b˜1
, m2W/m
2
b˜1
)
Γ(˜b1 → us) =
|λ
′′
123|
2 sin θ2
b˜
mb˜1
8π
(2)
where f(1, x, y) = 1 − 2(x + y) + (x − y)2 is the triangle function and cos θb˜,t˜ denote the
mixing angles in the squark sector (for cos θb˜ = 0, b˜1 = b˜R and likewise for the stop). In
figure 4 we plot the branching fraction of b˜→ t˜ +W for cos θb˜,t˜ = 1/2 as a function of the
sbottom mass, taking mt˜ = 150GeV.
With only λ
′′
123 nonzero, the stop will have a three-body decay through on off-shell
sbottom. Note however that the stop can also have two-body decays if there are additional
nonzero R-parity violating couplings, specifically a nonzero value of λ
′′
3ij . Note however
that neutron-antineutron mixing constrains λ
′′
312 and λ
′′
313 to be of order 10
−3 while the
constraints are much weaker on λ
′′
323[1]. Note that the product of λ
′′
123 and λ
′′
323 is also not
further constrained, and that stop production from a small value of λ
′′
323 is unobservable
due to the PDFs for a s-b initial state. The decay modes of the stop are illustrated in figure
5
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Figure 3: Resonant sbottom production and decay modes with a lighter stop in the spec-
trum.
5.
With λ
′′
323 turned on, the two-body decay of the stop into jets can dominate, and the
first signal to be seen would appear in the pp¯ → t˜W → Wjj channel. This is the channel
where CDF recently reported observing an interesting signal[20]. For this specific choice
of couplings, one of the jets from the decay of the stop would be a b-jet. Currently the
CDF analysis states that the heavy flavor content of the excess region is consistent with the
sideband. However the analysis does not provide a quantitative measure for whether the
existence of a single b-jet is disfavored. As we will describe in section 2, the same topology
can be realized with a different choice of nonzero λ
′′
ijk such that the final state has no heavy
flavor jets. The CDF analysis reports no significant deviation from the Standard Model
expectation in an analogous channel with a dijet resonance produced in association with a
Z-boson. Note that in our minimal setup, this channel is expected to be absent.
In order to study the acceptance of the CDF analysis for the b˜→ Wt˜→ Wjj signal we
have performed a Monte Carlo study. It is not trivial to generate Monte Carlo events for this
setup due to the completely antisymmetric way that the color indices are contracted in the
R-parity violating vertex. While certain programs such as HERWIG incorporate aspects
of R-parity violating physics, this is not adequate for our purposes and we have generated
2→ 2 events by using CTEQ parton distribution functions [25] and integrating over phase
space using a custom-made code. We then exported the events into LHE format [26] by
modifying the color flow to remove the antisymmetric color contractions, which cannot be
faithfully represented in the LHE format. While this may introduce subtle changes at the
level of non-perturbative QCD effects, we expect that the impact on the hard scattering
observables will be negligible. The events were passed through Pythia[27] for showering
and hadronization, and later through PGS[28] for detector effects. We used the standard
CDF parameter set in PGS with a cone jet algorithm and a cone size ∆R = 0.5.
We analyzed the signal events using cuts designed to mimic the CDF event selection
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Figure 4: The branching fraction of the b˜ to t˜+W . For this plot mt˜ = 150GeV, and
cos θt˜ = cos θb˜ = 1/2.
cuts, namely:
• The presence of an electron (muon) with ET (pT ) > 20 GeV and |η| < 1.0 and the
absence of additional leptons in the event.
• Missing transverse energy in excess of 25 GeV.
• The presence of exactly two jets with ET > 30 GeV and |η| < 2.4.
• A minimum ∆R of 0.52 between the lepton and the nearest jet.
• A minimum pT of 40 GeV for the dijet system.
• A transverse mass in excess of 30 GeV for the lepton-neutrino system, where the
neutrino is taken to be the only source of missing transverse energy in the event.
• An azimuthal angle in excess of 0.4 radians between the missing energy and either
jet.
• ∆η < 2.5 for the two jets.
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Figure 5: Decay modes for the stop.
Taking mb˜ = 300GeV, mt˜ = 150GeV and cos θt˜ = cos θb˜ = 1/2, we find that the number
of events observed at CDF in the e+µ channels is consistent with λ
′′
123 = 0.16, giving a
total production cross section of 3.2pb, a signal acceptance of 1.6× 10−2 which includes a
52% branching fraction for b˜→ W + t˜ (we take the branching fraction of t˜→ jj to be 1).
This value of λ
′′
123 is far below the bound from dijet resonance searches. We plot the dijet
invariant mass distribution from the stop decay in our sample in figure 6.
Another interesting question that is reported to be consistent with the background
hypothesis but not ruled out by the CDF analysis is whether a primary resonance can be
present in the Wjj system. In the topology considered here, this system will reconstruct
the sbottom mass. In figure 7 we plot the reconstructed sbottom mass in our model for a
true value of mb˜ = 300GeV using both solutions for the neutrino rapidity in reconstructing
the W-mass (and discarding the event if no real solutions can be found). Note that while
the stop mass is determined by the position of the observed dijet excess, the sbottom mass
is an adjustable parameter in this model, and for lighter sbottom masses, the excess inmWjj
may be difficult to resolve on top of background. A definitive comparison of the primary
resonance aspect of this topology with the CDF observation would require a full detector
simulation of both signal and backgrounds, as well as the CDF data-driven estimates of
background.
Additional Collider Signatures
While in our topology the resonant production of any up-type squark is strongly suppressed
due to the smallness of the couplings λ
′′
k12, the pair production of the stop is determined
by QCD and can be an interesting production channel. In figure 8 we show the stop pair
production cross section as a function of its mass calculated by using the batch mode of
CalcHEP[29]. This production channel would manifest itself in the four jet channel, with
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Figure 6: The invariant mass distribution of the two jets from the stop decay (e and µ
channels combined) using the same cuts as the CDF analysis, with mb˜ = 300GeV and
mt˜ = 150GeV. λ
′′
123 = 0.16 and cos θt˜ = cos θb˜ = 1/2 are used in order for the number of
events after cuts to agree with the CDF observation with 4.3 fb−1 of integrated luminosity.
two pairs of jets reconstructing narrow resonances of the same mass. Ref. [30] studied
this channel with the conclusion that stops with up to mt˜ = 210 GeV can be discovered.
References [31–35] also studied the same event topology at the Tevatron and the LHC for
various scenarios of underlying physics, and showed that there is strong discovery potential.
Currently no search for new physics has been performed in this channel. Note that for a
stop mass of 150GeV, a search in the four jet channel analysis will be difficult at the LHC
because of the larger trigger thresholds which will have low efficiency on the signal. The
Tevatron has a unique advantage for the case of light stops, and an analysis of existing
data could be used to explore this possibility.
The initial state for resonant anti-squark production through R-parity violating interac-
tions is quark–quark (rather than quark–anti-quark). In the scenario described here, with
production through the λ
′′
123 coupling, one of the initial state quarks is a strange-quark.
At the Tevatron with p-p¯ collisions, as well as at the LHC with p-p collisions, the parton
distribution functions for the leading resonant production are therefore of the valence–sea
type. Aside from the relative center of mass energies, there is no qualitative difference for
the overall production rates between the Tevatron and LHC for such a resonance. How-
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Figure 7: The invariant mass of the Wjj system from the sbottom decay (e and µ channels
combined) using the same cuts as the CDF analysis, with mb˜ = 300GeV and mt˜ = 150GeV.
Both solutions for the neutrino momentum are included in the distribution. λ
′′
123 = 0.16
and cos θt˜ = cos θb˜ = 1/2 are used in order for the number of events after cuts to agree
with the CDF observation with 4.3 fb−1 of integrated luminosity.
ever, the relative rates for sbottom versus anti-sbottom are significantly different. At the
Tevatron sbottom and anti-sbottom are produced at equal rates because of the charge
symmetry of the colliding particles. In contrast, at the LHC, production of anti-sbottom
arising from valence–sea quark collisions is enhanced compared with sbottom production
arising from sea–sea anti-quark collisions. This leads to a significant charge asymmetry in
the Wjj signal at the LHC, as shown in figure 9. A charge asymmetry is also present in
the W+jets background due to the difference between the u and d valence quark parton
distribution functions. However, the W+jets background asymmetry arises predominantly
from an order one difference in the relative magnitude of two types of valence–sea quark
collisions, whereas the signal asymmetry is much larger since it arises from a difference be-
tween valence–sea versus sea–sea collisions. The enhanced charge asymmetry of the Wjj
signal may provide an additional handle at the LHC to isolate this supersymmetric scenario
for the topology of a primary and secondary resonance with a charged-current transition.
Finally, one can also consider the pair production of the sbottom through QCD. In the
scenario with a lighter stop, this channel will go to W+W− + 4j. While the combinatoric
10
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Figure 8: Cross section (QCD only) for pair production of a single squark as a function of
its mass.
background can be reduced by reconstructing the stops as well as demanding equal sbottom
masses, the cross section is small compared to the irreducible standard model backgrounds
of tt¯+jets and WW+jets in the dileptonic decay channel, and the additional background
of W+jets for the semileptonic case. As one can see in figure 8, even for moderately light
sbottom masses, the cross section for this process is too low at the Tevatron. The leptonic
branching fraction of W bosons and acceptance effects make it unlikely that a statistically
significant excess can be observed at the 7 TeV LHC as well (assuming a total integrated
luminosity of 5 fb−1). This channel may become interesting for the 14 TeV LHC with high
statistics however.
Squark Mixing
We wish to briefly comment on the stability of the choice of nonzero λ
′′
ijk that we use.
For instance, the 1-loop diagram in figure 10 shows how an existing UDD coupling may
induce additional R-parity violating couplings in the presence of neutralinos that couple off-
diagonally in flavor space. This can be avoided however if all three generations are nearly-
degenerate. For the model we outlined in this paper, one can imagine a mass spectrum
such that all three generations are present, with mu˜R < md˜R < mq˜L. The presence of
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Figure 9: Ratio of the anti-sbottom to sbottom resonant production cross sections through
the λ
′′
123 R-parity violating interaction at the LHC.
the additional squarks does not significantly change the phenomenology that we discussed.
With only λ
′′
123 and λ
′′
323 turned on, the u˜
i
R are not resonantly produced at observable rates.
They are pair produced, enhancing the cross section by a factor of three compared to
that of a single stop in the four jet channel. Resonant production of the additional d˜iR
is also suppressed by the PDF’s. Therefore the phenomenology is essentially identical to
the minimal scenario with only a sbottom and a stop. If the left-handed squarks are light
enough to be produced, new decay channels with on-shell Higgs or Z bosons may open
up. Other operators induced by a diagram similar to figure 10 but with a W in the loop
rather than a neutralino are nonrenormalizable, and are small for our choice of nonzero λ
′′
since they are suppressed by quark masses and CKM angles. We do not consider operators
induced at higher loops.
An Alternative Choice of Couplings
There is a second choice for which nonzero λ
′′
can give rise to the CDF excess. If λ
′′
212 is
turned on, then both s˜ and c˜ can be resonantly produced from d-c and d-s initial states,
respectively. This choice has the advantage that λ
′′
212 will also induce decays of both the s˜
and the c˜, so no second λ
′′
ijk need be turned on. There are several disadvantages however.
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Figure 10: How additional UDD type couplings may be induced at 1-loop from existing
ones. The black box denotes a λ
′′
coupling that is nonzero at tree level and the circles
represent off diagonal couplings in flavor space.
Since both s˜ and c˜ are now resonantly produced through the same coupling, the UA2 dijet
resonance bound on the lighter state (assumed to have a mass of 150 GeV) will directly
apply to the production cross section of the heavier state, and therefore on the cross section
for the Wjj decay mode. Furthermore, the branching fraction for the W-mode depends on
the left-right squark mixing and may be much smaller for the second generation squarks
compared to b˜ and t˜. Finally, the production cross section for a d-s initial state is lower
than that of the u-s initial state by a factor of order one. Since this affects the bounds from
dijet resonances in the same way as the production cross section however, one can simply
compensate by using a larger value of λ
′′
as long as one is not already at the upper limit.
3 Resonant Slepton Production And Decay
R-parity violation through UDD-type terms is not the only possibility to resonantly pro-
duce superpartners at a hadron collider. One can also consider the resonant production of
left-handed sleptons through a LQD type coupling. The λ
′
ijk couplings necessary in this
scenario are generically more constrained that the UDD couplings [1]. While we will not
attempt to build a detailed model as in the squark case, we remark that a similar final
state can be obtained. Resonant production of a left-handed slepton, with charged-current
decay through an off-shell W∗ to the sneutrino, which subsequently decays back through
the R-parity violating coupling, gives an ℓν¯jj signature. The main difference with a left-
handed SU(2)L doublet only, is that the mass splitting between the slepton and sneutrino
arises only from electroweak symmetry breaking and is parametrically small. The leptons
in this scenario are then significantly softer than those arising from an on-shell W topology.
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Figure 11: Resonant production cross section for a slepton and a sneutrino for λ
′
311 = 0.1.
Zero mass mixing is assumed. From bottom to top, the three pairs of curves are for the
Tevatron, 7 TeV LHC and 14 TeV LHC respectively.
The production cross section and the bound from dijet resonance searches for this
scenario are plotted in figures 11 and 12 respectively. Rather than go through all the details
of the phenomenology again, we highlight here the differences compared to the squark case.
Since many λ
′
ijk are constrained through lepton flavor violating processes, there are few
choices in which couplings can be turned on to match the CDF Wjj observation. One
possibility is resonant stau production from a nonzero value of λ
′
311. Scenarios of R-parity
violation with τ˜ and ν˜τ LSP have been considered in mSUGRA scenarios (see for example
[36], [37] and references therein). As in the squark case, there is a charge asymmetry in the
resonant production of the slepton vs. the anti-slepton. Unlike the squark case however,
the origin of this asymmetry is the difference between the u and d valence quark PDF’s.
Therefore the asymmetries of the signal and the W+jets background will be of the same
size. Additionally, unlike in the case of squarks, sleptons are only pair produced through
electroweak interactions, so pair production cross sections will be much smaller, and only
q-q¯ initial states can contribute, which is a disadvantage for the LHC compared to the
squark case where the g-g initial state contributes.
If both right- and left-handed sleptons are light enough to be produced, then the same
production and decay topology discussed above can arise with resonant production of the
14
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Figure 12: The bound on Γjj for resonant slepton and sneutrino production from UA2 and
CDF with only λ
′
311 turned on. The numbers plotted here are conservative in the sense
that we assume perfect acceptance and we neglect left-right mixing. The bound on λ
′
311
never goes below 0.3 for the sneutrino and below 0.2 for the slepton.
heavier states that charged-current decay through an on-shell W-boson to the lighter states
which subsequently decay back to two jets. Since in LQD-type R-parity violation both res-
onant production as well as the charged-current coupling involve the left-handed component
of sleptons, significant left-right mixing is required in order for both the cross section as
well as the W branching fraction to be sizeable in this case. If kinematically open, decay
modes with on-shell Higgs and Z-bosons also arise in this scenario.
4 Conclusions
We have explored a production and decay topology for hadron colliders in which a primary
resonance undergoes a charged-current transition to a secondary resonance that subse-
quently decays to dijets. Supersymmetric scenarios with R-parity violation where a light
sbottom is resonantly produced and decays to a W-boson and stop, which decays to a pair
of jets through the R-parity violating coupling, give a concrete realization of this topology.
Other possibilities for underlying theoretical frameworks that could give topologies of this
type include technicolor [38] (for reviews of phenomenology see [39–41]), two-Higgs-doublet
15
models (for a detailed overview see [42]), and excited quarks [43–45]. We have argued that
with such a topology, the new physics may be observed first in the Wjj channel, possibly
consistent with the recent CDF observation in this channel. We have also pointed to other
final states that would be associated with this scenario. In particular, for strongly inter-
acting resonances, other important topologies are pair production of the secondary state
giving rise to a 4 jet signature, as well as pair production of the primary state giving rise to
a W+W− + 4 jets signature, both with two equal mass dijet resonances within the 4 jets.
We argued that due to the smallness of the mass of the secondary state, the former would
most effectively be searched for at the Tevatron, while the latter has better prospects at
the upgraded LHC. We have outlined how a less minimal supersymmetric model can be set
up with all three generations of squarks present, without significantly changing the collider
phenomenology, but forbidding additional R-parity violating couplings to be induced at
loop-level from existing ones.
We have also shown that there is an alternative choice of couplings for the squark
scenario, where the phenomenology is focused on the second generation squarks rather
than the third. This alternative model needs only one R-parity violating coupling to be
nonzero, however the branching fraction for the W mode may be small unless there is
significant left-right mixing in the squark sector. Finally we have outlined an alternative
supersymmetric scenario with the same production and decay topology, but where the new
particles are sleptons rather than squarks. Many additional production channels such as
pair production through QCD are absent in this case.
To conclude, we believe that even if the CDF Wjj observation proves not to be due to
new physics, that collider signatures of R-parity violating supersymmetric models should
be further explored by both theorists and experimental searches.
Note Added: After this paper was submitted, several developments took place. CDF
updated their analysis with a 7.3 fb−1 data set in which the significance of the excess
was reported as 4.1 σ after accounting for systematic uncertainties [46]. In this analysis,
various other consistency checks were performed on the analysis, such as using different
Monte Carlo generators, making the jet cuts inclusive (rather than demanding exactly two
jets), varying the jet energy scale and some of the analysis cuts. The excess was reported
as being robust under these variations. This is true of the signal in our scenario as well,
the effect of these variations to the acceptance of our Monte Carlo sample is mild. There
is however a result in the updated CDF analysis that has a larger impact on our scenario,
namely the heavy flavor content in the jets accompanying the W -boson has been reported
quantitatively. This result is difficult to reconcile with one of the two jets being a b-jet
in each event, and therefore disfavors our sbottom-stop benchmark. Note however that
16
both the second generation squark benchmark as well as the slepton benchmark which we
proposed produce light jets in the final state and are therefore still consistent with the CDF
update.
Another dramatic development was the release of a DØ search for new physics in the
same final state [47]. This analysis reports that DØ does not observe an excess consistent
with the CDF result, and for a Gaussian centered at the same mass they obtain a best fit
for the cross section of 0.82+0.83
−0.82 pb. Considering that the DØ analysis uses cuts very similar
to the CDF analysis, it is not at the moment clear why the two experiments obtain such
drastically different results. While this development casts doubt on the existence of new
physics in this final state, it is also possible that there is a signal with a cross section smaller
than the one reported by CDF but still consistent with the DØ result, for example around
1.5 pb. If that were to be the case, the signal in our scenario could easily have a smaller
cross section by using a higher mass for the first resonant squark or slepton, or by having
smaller R-parity violating couplings. As we remarked at the end of our conclusions, as
theorists we believe this topology for the resonant production of supersymmetric particles
to be an interesting one that should be studied further even if the eventual resolution of
the discrepancy between CDF and DØ results disfavors a new physics explanation.
We also wish to mention a variety of other new physics explanations that were proposed
to explain the CDF excess after the submission of this paper. These include technicolor
models [48], new gauge bosons [49], extended Higgs sectors [50] and other possibilities [51].
Since technicolor is arguably the most commonly associated type of new physics associated
with the Wjj final state, we want to point to a few phenomenological differences between
our scenario and a technicolor model, which could be used in order to distinguish the two
signals. For one, since a techni-pion is expected to couple to SM fermions proportionally to
their mass, it is expected to decay preferentially to bb¯ pairs. In our scenario, the alternative
squark and slepton benchmarks would only give rise to light jets in the final state whereas
the sbottom-stop benchmark would produce a single b-jet. As mentioned earlier in this
note, the CDF update appears to disfavor the existence of b-tagged jets in the excess.
Another possibility that can distinguish between our scenario and a technicolor model is
to look for pair production of the primary resonance. In both our sbottom-stop as well
as our alternative squark benchmarks, both the heavier as well as the lighter squarks are
expected to be pair produced from QCD processes, giving rise to a 4j final state for the
lighter squark and a WW + 4j final state for the heavier squark, as we mentioned at the
end of section 2, whereas techni-rhos and techni-pions in minimal technicolor models do
not carry color charge and will not be pair produced in the same way. Note however that
pair production is not a good discriminant if the resonantly produced superpartners are
17
sleptons which also do not carry color.
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